Psychephysical experiments show that the pitch of a short sine wave tone depends upon the amplitude envelope of the tone. Subjects find that the pitch of an exponentially decaying tone (ldB/ms) is higher than the pitch of a (20-ms) rectangularly gated tone of equal frequency. The percentage difference in frequency required to produce equal pitches with the two envelopes depends upon frequency fo: 2.6% at f0=412 Hz, 1.4% at f0 = 825 Hz, 1% at f0 = 1650 Hz, and 0.7% at f0 = 3300 Hz. The pitch change is insensitive to the relative intensities of the two tones. The spectra of tones with the two different envelopes suggest no obvious explanation for the pitch change. However, the weighted time-varying spectra for tones with two different envelopes evolve differently with time. Alternatively the pitch change can be derived from a modified version of the auditory phase theory of Huggins.
INTRODUCTION
The pitch of sine-wave tones is an interesting topic in psychophysics because one may plausibly regard experiments with sine waves as probing auditory mechanisms that are basic and elementary. In this paper it is noted that the pitch of sine-wave tones also depends upon the shape of the amplitude envelope of the tone. The pitch of a sine-wave tone with an exponentially decaying envelope is higher than the pitch of a sine wave with the same frequency but with a rectangular envelope.
The experiments presented below are of several kinds.
Section I discusses a survey study, with 15 subjects in a short experiment with rectangular and exponential en- Hz, so that the stimuli in any run were always distributed symmetrically about zero shift. Other precautions against biasing the results to favor one direction were taken. The subjects were not informed of the trends of their responses or of those of others until all data had been collected. This statement does not apply to subjects numbered 2, 4, 5, and 9, including the author and three colleagues who were aware, if only dimly, of the trend of responses. The data of these four subjects did not differ systematically from those of the others. The rate of the experiment was set by the subjects, but after several cycles subjects typically ran the experiment at its maximum rate, one run of 64 judgments in 150 s. After each run, subjects in the survey experiment rested for at least three minutes.
The stimuli were presented dioticalIy to the subjects through TDH-39 headphones with 001 cushions, while Because the rectangular and exponential tones sounded different, the subjects were instructed to try to ignore the tone quality differences and to concentrate on the pitch of the two tones. Some subjects volunteered that after the experiment was underway, this advice seemed easy and natural to follow.
A control experiment was run in conjunction with the R-E experiment described above. The control experiment was identical to the R-E experiment except that both tones of every pair had rectangular envelopes and were of equal amplitude. Half the subjec• did the control runs first.
The control runs served to rank the subjects because they involv/d only a simple discrimination task.
B. Results
The 15 subjects in the survey experiment were chosen haphazardly. They performed in two R-E experiment runs and two control runs. The subjects in the survey were numbe•,od •eeording to their pe•,form•nee on the controt experiment. This performance is indicated in respectively, 75% and 25% points.
The data quite clearly reveal a shift in pitch due to the different envelopes. All but one subject concluded that the exponentially shaped tone had a higher pitch than the rectangular tone for equal frequency. For those 14 subjects showing a pitch shift of the same sign the average shift was -11.3 Hz with a standard deviation weight) of 3.8 Hz. This corresponds to a shift of 1.5% of the absolute minimum frequency of 770 Hz and 1.3% of the maximum frequency of 880 Hz. The best estimate of the shift is 1.4% of the mean frequency 825 Hz. A total of five subjects perceived a shift that is greater than 1.45%, which is 25 cents (one-quarter of an equi• tempered semitone).
The standard deviation noted above is the standard error of the mean of the 50% point averaged across subjects. The mean of the interquartile spacing is 20.8 Hz.
As noted in Appendix B the modified staircase procedure was apparently an unnecessary precaution. Subjects did not exhibit significantly the response biases which were feared. Except for two subjects who produced unusable psychometric functions, Fig. 1 It was important first to investigate the possibility that the pitch effect observed in the R-E survey experiment is somehow exclusively a loudness effect. Initially there was reason to believe that loudness effects might be unimportant because the range of the tone frequencies 770-880 Hz is one where tone pitch is relatively insensitive to loudness variations.
In the experiment to search for loudness effects the exponential tone was the same as in the survey experiment. The rectangular tone remained 20 ms long but its amplitude was increased by 6 dB and decreased by 6 dB on alternate groups of runs. When the amplitude was increased, the rectangle amplitude was equal to the peak exponential amplitude 95 dB. In this condition the rectangular tone was unquestionably louder than the exponential tone. When the rectangular ampiit.uric was decreased to 83 dB, it was unquestionably weaker than the exponentially decaying tone. Initially the considerable difference in amplitude made judgments difficult; with practice subjects learned to ignore loudness differences. The results of this experiment make it seem highly unlikely that the pitch-shift effect is the result of overall loudness differences between rectangular and exponential tones. Despite the loudness variation, the pitch shift remains negative and, for the best ranked subjects, 
The three points shown in

A. Previous experiments
There does not seem to be previous work studying the effect of envelope on pitch perception. Studies have been made of the effect of different envelopes on pitch discrimination, when the envelopes for both pitches to be compared were the same. The study by Ronken (1970) includes a number of points of contact with the present work that deserve mention. In his first appendix Ronken noted that for rectangular-envelope durations as long as 20 ms the phase of the sine-wave signal at onset has no effect on discrimination.
This observation supports the view that the choice of random phase in the present experiment is of little consequence.
Ronken also presented his signals in a noise background, one that was 4 dB more intense than ours. He 
For rectangular tones , The time-variant Fourier transform is P(.,, t) =f.
• dr' e -'u" W(t, t')p(t') , Firstly the pitch shift attributed here to amplitude envelope changes is more than three times larger than the ?-cent shift aRributed to noise by Webster and Muerdter.
W(t,t')=W(t-t') =exp[:•(t'-t)]O(t-t') ,
Secondly, the signal to noise ratio is much greater in the present experiment (62 dB for rectangular tones) than in the experiment by Webster and Muerdter (apparently 26 dB).
Finally an auxiliary experiment suggested that the pitch of the exponential tone is not significantly affected by masking by background noise. In the auxiliary experiment the exponential tone was truncated after 43 ms. The truncation ensured that the instantaneous signal power was always at least 20 dB greater than the noise power in a critical band at the signal frequency.
The author ran the R-E experiment with 36 cycles with a truncated exponential interleaved with 36 cycles using the standard exponential decay. The two decaying tones were found to be almost indistinguishable. The pitch shift found was 1.2%, close enough to the standard -1.4% to conclude that noise is not a significant factor in the R-E experiment.
APPENDIX D: RANDOM PHASE ASSUMPTION
Consider a signal represented by Fourier components
and an envelope V.
•(t) = V(t)Ep i cos(wit+ •b i) . (D1)
The Fourier transform, P(a•) =•.
• dte i'øt p(t) , 
